2 Materials: Bis(3,4-dimethoxyphenyl)methanone was synthesized according to the previous literature. 1 Titanium tetrachloride (TiCl4), anhydrous tetrahydrofuran (THF), potassium carbonate (K2CO3), dichloromethane, diethyl ether, methanol, boron tribromide (BBr3), N,Ndimethylacetamide (DMAc), hydrochloride acid (HCl), potassium hydroxide (KOH), ethanol were obtained from Sigma-Aldrich and used as received.
Synthesis of 1, 1, 2, 2-tetrakis(3,4-dimethoxyphenyl)ethane (intermediate ii). 200 mL of
anhydrous tetrahydrofuran were added to a 500 mL three-neck round bottle flask and cooled using an ice-bath. To it, TiCl4 (6.00 mL, 54.0 mmol) was added dropwise under argon atmosphere. Zn dust (4.4 g, 68 mmol) and dry pyridine (0.2 g, 2.5 mmol) were thereafter added and the resulting black suspension was warmed to room temperature and then refluxed for 2 h. A solution of tetramethoxybenzophenone (6.00 g, 19.9 mmol) in tetrahydrofuran (50 mL) was added dropwise to the black reaction mixture in 0.5 h and the resulting mixture was refluxed for additional 12 h. The resultant mixture was cooled to room temperature and quenched with 10% aqueous K2CO3 (50 mL). The organic layer was separated and the aqueous suspension was extracted with dichloromethane (4 x 50 mL). The combined organic layers were dried over anhydrous MgSO4, filtered and evaporated to afford a pale yellow solid, which was purified by crystallization from a 1:1 mixture of dichloromethane and methanol to give 1, 1, 2, 2- Synthesis of the network polymer-MP1. 4,4',4'',4'''-(ethene-1,1,2,2-tetrayl)tetrakis(benzene-1,2-diol) (460 mg, 1.00 mmol) and 2,3,5,6-tetrafluoroterephthalonitrile (400 mg, 2.00 mmol)
were dissolved in anhydrous DMAc (2.7 mL). The solution was heated to 80 °C and fine K2CO3
(690 mg, 5.00 mmol) powder was added. The reaction system was then heated to 120 °C and kept for 6 h. The system was then poured into 2N HCl (30 mL) and stirred for 1 h at room temperature. The solid was collected by filtration, washed with water, acetone, THF and acetone to remove trace insoluble inorganic materials. The product (700 mg, yield: 99%) was obtained as a yellow powder after drying in vacuum oven at 80 °C for 24 h. 4
Synthesis of the network polymer-MP2. Ball-milled MP1fine powder (500 mg, 0.706 mmol repeat unit) was dispersed in 10 mL ethanol and stirred at room temperature for 10 min. To it, KOH (4.10 g, 70.6 mmol) dissolved in water (10 mL) was added dropwise. The system was refluxed for 48 h and then poured into 300 mL water and acidified with HCl (4N). The solid was collected by filtration and dried in vacuum oven at 40 °C for 24 h. 
Isosteric Heat of Adsorption:
The isosteric heat of adsorption (Qst) of CO2 for MP1 and MP2 were calculated according to the Clausius-Clapeyron equation from the measured absolute isotherms at 273 and 298 K, respectively:
where p is the equilibrium pressure, Qst is the isostatic heat of adsorption, R is the ideal gas constant, T is the testing temperature, C is a constant. By measuring two temperatures of adsorption, the Qst can be obtained using the following equation: Figure S1 . The heat of sorption of CO2 for MP1 and MP2 with different CO2 capacities.
CO2/N2 and CO2/CH4 Selectivity Calculation by Ideal Adsorbed Solution Theory (IAST)
The ideal adsorbed solution theory (IAST) calculation for N2 can be performed using a singlesite Langmuir model to fit the adsorption isotherms. The fitting parameters obtained from the dual-site Langmuir model given in Table S1 were used for the calculation of IAST selectivity. The IAST gives an analytic relationship of two functions q1(p) and q2(p) for two different gases by:
where pt is the total pressure of the gas mixture, yi the mole fraction of component i in the gas phase and xi the mole fraction of component i in the network phase. Integration of the above equation with two single-site Langmuir functions leads to:
In which, qsat1, qsat2, b1 and b2 were obtained from the fitting curve of IAST curve, where 
Details of the Breakthrough Experiments
The breakthrough separation experiments were conducted using a custom-made set-up as illustrated in Figure S2 : Figure S2 . Schematic set-up for breakthrough experiments.
The absolute adsorbed amount of gas i (qi) was calculated from the breakthrough curve by the equation:
where Fi is the flow rate of the specific gas (cm 3 min -1 ); t0 is the adsorption time (min); Vdead is the dead volume of the system (cm 3 ); Fe is the flow rate of the specific gas (cm 3 min -1 ); m is the mass of the tested adsorbent (g).
The selectivity of the breakthrough experiment was determined by αi/j = (q1/y1)/(q2/y2), where yi is the mole fraction of gas i in the gas mixture.
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The breakthrough experiments were performed as follows: MP1 and MP2 were grounded to small particles using a ball mill, and then filled into a quartz tube (5.8 mm, I. D. × 150 mm) with silica wool filling the void space. The MP1 and MP2 in the tube were activated at 200 °C for 1 h with a helium flow rate of 10 mL min -1 . The test temperature was 25 °C. Then, the flow of helium was turned off and a gas mixture of N2/CO2 (85/15) at a flow rate of 10 mL/min was sent to the column. The effluent gas mixture from the column was monitored by a mass spectroscopy.
The dead time (dead volume) was determined after adsorption saturated using the same column.
All breakthrough experiments were repeated three times by regeneration of the samples.
